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COUNTER TRACK JOINT WITH 
CONTROL ANGLE REVERSAL 

Technical Field 

[0001] The invention relates to a constant velocity universal ball joint 

in the form of a counter track joint. 

Background Of The Invention 

[0002] Counter track joints are described in DE 100 60 119 Al, for 

example. Counter track joints typically comprise an outer joint part which 
includes a first longitudinal axis (La), an attaching end and an aperture end 
which are positioned axially opposite one another, as well as first outer ball 
tracks and second outer ball tracks. The outer joint part works with an 
inner joint part which comprises a second longitudinal axis (Li) and an 
attaching mechanism for a shaft pointing towards the aperture end of the 
outer joint part, as well as first inner ball tracks and second inner ball 
tracks. The first outer ball tracks and the first inner ball tracks form first 
pairs of tracks with one another. The second outer ball tracks and the 
second inner ball tracks form second pairs of tracks with one another. The 
pairs of tracks each accommodate a torque transmitting ball. A ball cage is 
positioned between the outer joint part and the inner joint part and 
comprises circumferentially distributed cage windows which each receive 
at least one of the torque transmitting balls. The centers (K) of the balls are 
held by the cage in a central ball plane (EK). The travel of the centers (K) of 
the balls in the ball tracks is defined as the center line (M) of the respective 
ball tracks. In a longitudinal section, the tangents at the balls in the points 



-2- 



GKNG 1181 PUS 



of contact with the ball tracks form opening angles relative to one another 
in the ball tracks. When the joint is in the aligned condition, the opening 
angle (a) of the first pairs of tracks opens from the aperture end to the 
attaching end. When the joint is in the aligned condition, the opening angle 
(P) of the second pairs of tracks opens from the attaching end to the 
aperture end. 

[0003] Neglecting for a moment the necessary play for the balls, the 

center lines of the first and second pairs of tracks in an aligned joint are 
substantially mirror-symmetrical relative to one another with reference to 
the central plane (EM) of the joint; and when the joint is articulated, they 
are mirror-symmetric relative to one another with reference to the angle- 
bisecting plane. The "opening angles" are the angles between tangents at a 
ball in its points of contact with the track base lines and, respectively, 
between tangents at the track base lines in points of their greatest proximity 
to a ball. "Control angle" refers to the spatial angles between tangential 
planes at a ball in their points of contact with the track flanks under torque. 
Both angles can change when the joint is articulated and, in a qualitative 
sense, follow the same course. The angle-bisecting plane of these angles 
determines the direction of the forces acting from the pair of tracks on to a 
ball. 

[0004] The terms "aperture end" and "attaching end" do not exclude 

the possibility that the counter track joint can be designed in the form of a 
disc joint which includes an aperture at the attaching end, too. In all cases, 
the aperture end is the end pointing to the entrance of the shaft into the 
inner joint part. To characterise the axial directions, the terms "attaching 
end" and "aperture end" are also used, and remain unchanged, with 
reference to the inner joint part. 
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[0005] In counter track joints as described in DE 100 60 119 Al, the 

forces acting on the balls in the first and second pairs of tracks point in 
opposite directions. The forces are supported by the cage which is thus 
subjected to a resultant axial force becoming zero. In consequence, the cage 
is supported in the outer joint part in a way which is substantially free from 
axial forces, so that the joint is characterised by low friction and thus by 
ease of operation and a high degree of efficiency. 

[0006] From DE 100 60 220 Al, there are known counter track joints 

wherein the first pairs of tracks whose control angles open from the 
aperture end to the attaching end are widened at the aperture end, taking 
an S-shaped course. This means that the track center lines of the first outer 
ball tracks of the first pairs of tracks are curved outwardly towards the 
aperture end and that the track center lines of the first inner ball tracks are 
curved outwardly towards the attaching end. This S-shaped course taken 
by the ball tracks permits an increased joint articulation angle because 
when the joint is articulated, the balls which move towards the joint 
aperture are moved across a larger articulation range when still in the ball 
tracks and are able to contribute to the transmission of torque. 

[0007] It has already been mentioned in the above publication that 

the second pairs of tracks of counter track joints of this type can be 
provided with a design as known from UF (undercut-free) joints or Rzeppa 
joints, i.e. that the center lines of the outer ball tracks and inner ball tracks 
consist of circular tracks whose centers are mutually axially offset relative 
to the central plane of the joint, or they are composed of such circular 
arches with tangential straight lines adjoining same in opposite directions. 
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[0008] From U.S. Patent No. 6,319,1331, it is known, even with 

genuine UF (undercut-free) joints or Rzeppa joints which comprise only 
pairs of tracks of the type mentioned last, to increase the possible angle of 
articulation by widening the ball tracks at the aperture end in the outer 
joint part, and in this case, too, it is possible to achieve a certain advantage 
in respect of ball guidance and torque transmission by the balls when the 
joint is articulated at the balls moving in the outer joint part towards the 
aperture. 

[0009] The disadvantage of counter track joints, more particularly 

those wherein the track center lines of the first pairs of tracks are S-shaped, 
arises in the case of large articulation angles, where there occur positions in 
which the cage is no longer torque-balanced around the articulation axis. 
This leads to a deterioration in the joint control and can lead to jamming in 
the joint. 

Summary Of The Invention 

[0010] The present invention provides a counter track joint which 

ensures improved cage control conditions at large articulation angles. In 
the disclosed joint, the first pairs of tracks are designed in such a way that, 
when the joint is articulated, the opening angle a of the first pairs of tracks, 
at a ball entering the outer joint part beyond the central plane EM, initially 
becomes zero and then opens towards the aperture end. 

[0011] In particular, the first pairs of tracks are designed in such a 

way that, when the joint is articulated, the opening angle a of the first pairs 
of tracks, at a ball entering the outer joint part beyond the central plane EM, 
changes steadily, and in the region of an articulation angle ranging between 
11° and 16°, such as at approximately 13°, the opening angle becomes zero. 
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[0012] The track shape described here can be referred to as spiral-like 

or worm-like, in that the lines of curvature of the first outer ball tracks of 
the first pairs of tracks in the outer joint part close spiral-like towards the 
attaching end, and the track center lines of the first inner ball tracks in the 
inner joint part close worm-like towards the aperture end. In the case of 
large articulation angles, the opening angles a of the first pairs of track also 
behave like the opening angles p of the second pairs of tracks over the 
entire articulation range, i.e. like they do in the RF joints or UF (undercut- 
free) joints. As a result, even at large articulation angles, substantially as a 
result of the ball forces extending in the same direction, the cage is torque- 
balanced relative to the articulation axis. 

[0013] A further solution is provided wherein the track center lines 

M22 of the first outer ball tracks of the first pairs of tracks, centrally, 
comprise an arch with the radius R2 whose center is offset by a first axial 
offset Ol from the central plane EM of the joint towards the attaching end. 
Also, in the region adjoining the arch towards the attaching end, the track 
center lines M22 increasingly deviate radially inwardly from the radius R2. 
Further, the track center lines M23 of the first inner ball tracks of the first 
pairs of tracks, centrally, comprise an arch with the radius R2' whose center 
is offset by a second axial offset 02 from the central plane EM of the joint 
towards the aperture end. Also, in the region adjoining the arch towards 
the aperture end, the track center lines M23 increasingly deviate radially 
inwardly from the radius R2'. More particularly, in another example, the 
track center lines M22 of the first outer ball tracks, in the region adjoining 
the arch with the radius R2 towards the attaching end comprise an arch 
with a smaller radius R3 which steadily adjoins the former. In addition, the 
track center lines M23 of the first inner ball tracks, in the region adjoining 
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the arch with the radius R2' towards the aperture end, comprise a smaller 
radius R3' which steadily adjoins the former. 

[0014] According to a further embodiment, the first pairs of tracks of 

the present counter track joint comprise track center lines which take an S- 
shaped course in order to increase the articulation angle and to ensure the 
transmission of torque at a large articulation angle. More particularly, this 
means that the track center lines of the first outer ball tracks of the first 
pairs of tracks, in the region adjoining the arch with the radius R2, towards 
the aperture end, increasingly deviate radially outwardly from the radius 
R2. Also, the track center lines of the first inner ball tracks, in the region 
adjoining the arch with the radius R2', towards the attaching end, 
increasingly deviate radially outwardly from the radius R2\ More 
particularly, the track center lines of the first outer ball tracks, in the region 
adjoining the arch with the radius R2, towards the aperture end, can 
comprise an arch with the radius Rl which continuously adjoins the former 
and whose center is positioned outside the radius R2. The track center lines 
of the first inner ball tracks, in the region adjoining the arch with the radius 
R2', towards the attaching end, can also comprise a radius Rl' which 
continuously adjoins the former and whose center is positioned outside the 
radius R2'. 

[0015] For designing the second pairs of tracks, several possibilities 

exist, some of which have already been referred to. For instance, the track 
center lines M24 of the second outer ball tracks of the second pairs of tracks, 
centrally, can comprise an arch with the radius R5 whose center is offset by 
a first axial offset 03 from the central plane EM of the joint towards the 
aperture end and, in the region adjoining the arch, towards the aperture 
end, they increasingly deviate radially outwardly from the radius R5. At 
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the same time, the track center lines M25 of the second outer ball tracks of 
the second pairs of tracks, centrally, can comprise an arch with the radius 
R5' whose center is offset by a second axial offset 04 from the central plane 
EM of the joint towards the attaching end, and,- in the region adjoining the 
arch, towards the attaching end, they increasingly deviate radially 
outwardly from the radius R5'. As a further example, the track center lines 
M24 of the second outer ball tracks, in the region adjoining the arch with 
the radius R5 towards the aperture end, can comprise an arch with the 
radius R4 which steadily adjoins the former and whose center is positioned 
outside the radius R5. Further, the track center lines of the second inner 
ball tracks, in the region adjoining the arch with the radius R5', towards the 
attaching end, can comprise an arch with the radius R4' which steadily 
adjoins the former and whose center is positioned outside the radius R5'. 

[0016] In an alternative embodiment, the track center lines M24 of 

the second outer ball tracks, in the region adjoining the arch with the radius 
R5 towards the aperture end, can comprise a straight line which follows the 
former tangentially. The track center lines M25 of the second inner ball 
tracks, in the region adjoining the arch with the radius R5', towards the 
attaching end, can also comprise a straight line which follows the former 
tangentially. 

[0017] The pairs of tracks can be positioned in central planes which 

contain the longitudinal axes La, Li of the outer joint part and inner joint 
part. More particularly, this applies to joints with six pairs of tracks and 
eight pairs of tracks which are alternatingly distributed around the 
circumference. 
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[0018] The primary advantages of the present design will once again 

be summarized below. The counter track principle of the joint in 
accordance with the invention achieves a long service life, even with large 
permanent angles of articulation within the operational articulation range, 
with a high degree of efficiency being ensured. The inventive track shape 
allows good joint control conditions and a high torque transmitting 
capacity at very large articulation angles. In the several embodiments with 
S-shaped ball tracks both in the counter tracks (first pairs of tracks) and, 
optionally, in standard tracks (second pairs of tracks) increased maximum 
articulation angles up to 50° can be achieved. 

[0019] Other advantages and features of the invention will also 

become apparent upon reading the following detailed description and 
appended claims, and upon reference to the accompanying drawings. 

Brief Description Of The Drawings 

[0020] For a more complete understanding of this invention, 

reference should now be made to the embodiments illustrated in greater 
detail in the accompanying drawings and described below by way of 
examples of the invention. 

[0021] Figure 1 shows an inventive counter track joint in the aligned 

condition in a longitudinal section. 

[0022] Figure 2 shows an inventive joint according to Figure 1 in a 

condition which is articulated to an extreme extent in a first direction. 

[0023] Figure 3 is a longitudinal section through an inventive joint 

articulated to an extreme extent in a direction opposed to that shown in 
Figure 2. 
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[0024] Figure 4 shows the joint according to Figure 2 articulated to 

an extreme extent in the first direction. 

[0025] Figure 5 shows an outer joint part of an inventive joint in a 

longitudinal section with details regarding the first outer tracks. 

[0026] Figure 6 is a longitudinal section through an outer joint part 

of an inventive joint, giving details on the second outer tracks. 

[0027] Figure 7 shows an inventive joint according to the preceding 

Figures, with six balls: 

A) in an axial view; and 

B) in a longitudinal section A-A. 

[0028] Figure 8 shows an inventive joint with six balls in a modified 

embodiment: 

A) an in axial view; and 

B) in a longitudinal section through the ball tracks. 

[0029] Figure 9 shows an inventive joint similar to that shown in 

Figure 7, with eight balls: 

A) in an axial view; 

B) in a section A-A through two first pairs of tracks; and 

C) in a section B-B through two second pairs of tracks. 

[0030] Figure 10 shows an inventive joint according to Figure 9 in a 

modified form: 

A) in an axial view; 

B) in a section A-A through two first pairs of tracks; and 

C) in a section B-B through two second pairs of tracks. 

[0031] Figure 11 shows an inventive joint according to the 

illustration in Figure 2, but without the inner joint part. 
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[0032] Figure 12 shows a counter track joint according to the state of 

the art in an illustration comparable to Figure 11. 

Detailed Description 

[0033] Figures 1 to 4 will initially be described jointly below. They 

each show a longitudinal section through an inventive joint 11 which, 
substantially, comprises an outer joint part 12, an inner joint part 13, torque 
transmitting balls 14 and a ball cage 15. By way of a spherical outer face 16, 
the ball cage 15 is held concentrically in the outer joint part 12, whereas, by 
way of its inner face 17, the ball cage 15 is preferably held with play relative 
to the inner joint part 13. The balls 14 are held in circumferentially 
distributed cage windows 18 in the ball cage 15 in a common central ball 
plane EK. The outer joint part 12 is shown to comprise a longitudinal axis 
La and the inner joint part 13 defines a longitudinal axis Li. The outer joint 
part 12 comprises an attaching journal 19 and an aperture 20. The position 
of the attaching journal 19 indicates the axial direction of the "attaching 
end" and the position of the aperture 20 indicates the axial direction of the 
"aperture end." These terms will also be used with reference to the inner 
joint part 13, although it comprises an aperture 21 for inserting an attaching 
shaft from the "aperture end." 

[0034] The joint is shown to comprise a joint center M, four offset 

points 01, 02, 03, 04 and the central plane EM. 

[0035] The upper half of each Figure shows a first pair of tracks from 

a first outer ball track 22 and a first inner ball track 23 in sectional views. 
The center line M22 of the first outer ball track 22 indicates the travel of the 
ball center of the ball 14i with reference to the first outer ball track 22, and 
the center line M23 of the first inner ball track 23 indicates the travel of the 
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ball center of the ball 14i with reference to the first inner ball track 23. The 
two center lines M22, M23 are mirror-symmetrical relative to one another in 
respect of the central ball plane EK. 

[0036] The lower halves the Figures show a second pair of tracks 

with a second outer ball track 24 and a second inner ball track 25 in a 
sectional view. The center line M24 of the second outer ball track 24 
indicates the travel of the ball center of the ball 142 with reference to the 
second outer ball track 24, and the center line M25 of the second inner ball 
track 25 indicates the travel of the ball center of the ball 142 in respect of the 
second inner ball track 25. The two center lines M24, M25 are mirror 
symmetrical relative to one another with reference to the central ball plane 
EK. 

[0037] The largely symmetrical position of the center lines M22, M23 

as well as M24, M25 relative to one another with reference to the central 
ball plane EK corresponds to general laws in constant velocity joints of said 
type. In the illustrations, the track base (not shown in greater detail) of the 
ball tracks is in contact with the balls, although this does not necessarily 
have to be the case in actually produced joints. For reasons of simplicity, it 
is assumed here that the contact between the balls and the ball tracks takes 
place in the track base. The ball track lines of the ball tracks are equidistant 
relative to their center lines. When torque is transmitted in the constant 
velocity joint, the contact of the balls with the ball tracks necessarily moves 
into the flank regions of the ball tracks. 

[0038] Below, the differences between Figures 1 to 4 will be 

described. 



-12- GKNG 1181 PUS 



[0039] Figure 1 shows the inventive joint in an aligned condition. 

The longitudinal axes La and Li coincide, and the same applies to the offset 
points 01 and 04 as well as 02 and 03. The first pair of tracks 22, 23 is 
characterised in that, in the central plane EM, it opens towards the 
attaching end, i.e. the tangents at the ball contact points in the ball tracks 
form an opening angle a which opens towards the attaching end. In 
consequence, the ball 14i, when under torque, experiences a resultant force 
Fl which points towards the attaching end. 

[0040] The second pair of tracks 24, 25 is characterised in that the 

tracks open in the central plane EM towards the aperture end, i.e. the 
tangents at the ball contact points in the ball tracks form an opening angle p 
which opens towards the aperture end. In consequence, the ball, when 
under torque, experiences a resultant force F4 which points towards the 
aperture end. 

[0041] As the resultant of the forces acting on the balls in the first 

pairs of tracks and in the second pairs of tracks, which are arranged 
alternately around the circumference, equals zero, the cage is largely free 
from axial forces and, in the range of the operating angle, the joint runs 
under low-friction conditions. 

[0042] In Figure 2, the joint is articulated by an articulation angle \l 

which is positioned in the drawing plane, with the articulation angle yl 
spanning between the longitudinal axes La and Li (Figure 4). The central 
ball plane EK which coincides with the angle-bisecting plane EW is rotated 
relative to the central plane EM by half the articulation angle yl/2 (not 
shown), and as a result of a right-turning rotation in the mathematical 
sense, the ball 14i in the first pair of tracks 22, 23 has been displaced 
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towards the attaching end and the ball 142 in the second pair of tracks has 
been displaced towards the aperture end. As a result of the inventive track 
shape of the first pairs of tracks, which has yet to be explained in greater 
detail, the opening angle a between the tangents at the ball 14i in the first 
pair of tracks has now changed to such an extent that it opens towards the 
attaching end. Under torque, the first pair of tracks 22, 23 now generates a 
resultant force Fl on to the ball 14i which points towards the aperture end. 

[0043] The tangents at the ball 142 in the second pair of tracks 24, 25 

span an opening angle p which has increased relative to the original 
opening angle, but continues to point towards the aperture end. Under 
torque, the second pair of tracks 24, 25 now generates a resultant force F4 
on the ball 142 which also points to the aperture end. 

[0044] The resultant of the forces acting on the balls in all pairs of 

tracks is non-zero, so that the cage has to support itself on the outer joint 
part. But, in return, the cage in the articulation plane is free from torque 
around the axis of articulation, so that the cage can easily be returned and 
the joint remains easily controllable. 

[0045] In Figure 3, the joint, in the drawing plane, is articulated by a 

second articulation angle \2 which has the same size as the articulation 
angle yl, but is produced here as a result of a left-turning rotation in the 
mathematical sense. The articulation angle y2 spans between the center 
lines La, Li. The central ball plane EK which coincides with the angle- 
bisecting plane EW is inclined relative to the central plane EM of the joint 
by half the articulation angle (y2/2) which is not indicated here. The 
opening angles are not illustrated in this Figure. Although in the region of 
the ball 14i, the central ball plane EK has already left the first outer ball 
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track 22, the selected track shape ensures that a ball contact point C22 is still 
removed by a distance SI from the end of the ball track 22. A ball contact 
point C23 is also positioned from the end of the ball track 23 by an 
unspecified distance. The ball 14i thus still has a secure contact within the 
ball tracks 22, 23 and is thus able to contribute to the transmission of torque. 
The reason for this, i.e. the design of the first ball tracks 22, 23 at the 
aperture end is described in detail in DE 100 60 220 Al the contents of 
which is herein incorporated by reference. 

[0046] Figure 4 shows the same joint as Figure 2, with the 

articulation angle yl in the drawing plane being spanned between the first 
longitudinal axis La and the second longitudinal axis Li. The opening 
angles are not illustrated in this Figure. In the region of the ball 142 in the 
second pair of tracks 24, 25 it is shown that the central ball plane EK which 
coincides with the angle-bisecting plane EW and is inclined relative to the 
central plane EM of the joint by half the articulation angle (yl /2) has 
already left the region of the outer ball track 24 at said articulation angle. 
However, because of the track shape of the second pairs of tracks, it is 
ensured that, nevertheless, the contact point C24 of the ball 142 with the 
outer track 24 is still positioned within the track by the distance S2. The 
ball contact point C25 is also remote from the end of the ball track 25 by an 
unspecified distance. The ball 142 is thus still able to participate in the 
transmission of torque. The design principle of the track is described in DE 
197 06 864 the contents of which is herein incorporated by reference. 

[0047] Figures 5 and 6 show the outer joint part 12 in detail in a 

longitudinal section. These Figures show the central track line M22 of the 
first outer ball track 22 and the central track line M24 of the second outer 
track 24. 
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[0048] Figure 5, in greater detail, shows the course taken by the first 

outer ball track 22 with reference to its center line M22. In the central 
region, said track describes a curve around the center 01 with a radius R2. 
The radius R2 extends towards the attaching end and into a plane S 
positioned perpendicularly relative to the longitudinal axis La. The radius 
R2 is steadily followed by a smaller circular arch with the radius R3 whose 
center OS is positioned on the plane S, thus achieving the inventive reversal 
of the opening angle a at the balls in the first pairs of tracks when the joint 
is articulated. 

[0049] Towards the aperture end, the circular arch with the radius R2 

is followed, also steadily, around the center 01, by a circular arch with the 
radius Rl which is curved in the opposite direction and whose center OE is 
positioned outside the circle with the radius R2. In accordance with the 
known geometrical laws, the center line M23 of the first inner ball track 23 
(which is not shown in this Figure), with coinciding longitudinal axes La, 
Li, extends symmetrically relative to the center line M22 with reference to 
the central plane EM, and in all articulated positions of the joint, it remains 
symmetrical relative to the central line M22 with reference to the central 
ball plane EK which corresponds to an angle-bisecting plane EW between 
the longitudinal axes La, Li. 

[0050] Figure 6 shows the course taken by the second outer ball track 

24 with the help of its center line M24. It comprises, centrally, a circular 
arch with the radius R5 around a center 03, with the circular arch extending 
towards the attaching end as far as the end of the ball track. Towards the 
aperture end, the circular arch is followed by a circular arch with a reversed 
curvature with the radius R4 whose center OA is positioned outside the 
circle with the radius R5. The associated center line M25 of the second 
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inner ball track 25 (which is not shown) extends symmetrically relative to 
the illustrated center line M24 with reference to the central plane EM of the 
joint, with coinciding longitudinal axes La, Li, and, respectively, with a 
reference to the central ball plane EK in an articulated joint in all positions 
which corresponds to an angle-bisecting plane EW between the 
longitudinal axes La, Li. 

[0051] Figure 7 shows a complete joint according to the preceding 

drawings, with corresponding parts having the same reference numbers. 
To that extent, reference is made to the preceding description. The joint is a 
six ball joint so that three first pairs of tracks 22, 23 alternate across the 
circumference, one of which is shown in section A-A in the upper half of 
the Figure, and there are provided three second pairs of tracks 24, 25, one of 
which is shown in section A-A in the lower half of the Figure. 

[0052] Figure 8 shows a joint which is similar to that shown in Figure 

7, with equal details having been given the same reference numbers. To 
that extent, reference is made to the preceding description. However, the 
second pairs of tracks 24, 25 are modified in that, following a first circular 
arch (with the radius R5), their center lines comprise a tangentially 
adjoining straight line instead of the circular arch curved in the opposite 
direction. The track shape shown here thus corresponds to the track shape 
of standard UF joints. 

[0053] Figure 9 shows a joint which is similar to that shown in Figure 

7, but there are provided eight pairs of tracks and eight balls, with first and 
second pairs of tracks alternating across the circumference. Figure 9B 
shows two first pairs of tracks 22, 23 along section line A-A of Figure 9A, 
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and two second pairs of tracks 24, 25 are shown in Figure 9C along section 
B-B of Figure 9A. 

[0054] Figure 10 shows a joint which, substantially, comprises the 

same details as the joint shown in Figure 9. To that extent, reference is 
made to the preceding description. However, the second pairs of tracks 24, 
25 deviate in that the circular portions of their center lines (with the radius 
R5), instead of the circular arch curved in the opposite direction, are 
followed by tangential straight lines. The track shape thus corresponds to 
that of UF-type joints. 

[0055] Figures 11 and 12, in half a section for a six ball joint, show the 

forces applied by the tracks to the balls. 

[0056] Figure 11 shows an inventive joint wherein, as a result of the 

inventive course taken by the first ball tracks 22, there occurs a reversal of 
the force Fl acting on the ball in the articulation plane, so that, taking into 
account the fact that in addition to the forces F2 and F3 acting on the balls 
(not illustrated) there are applied forces F5 and F6 extending in identical 
directions, the cage is subjected to a resultant force directed towards the 
attaching end, but no torque is generated around the axis of articulation of 
the joint. As a result, the cage is supported on the outer joint part, so that 
there are generated friction forces. However, the joint can easily be 
returned from the articulated position into smaller articulation angles. 

[0057] Figure 12 shows how in a conventional counter track joint 

with extreme articulation, all ball forces acting on the cage with reference to 
the joint articulation axis act on the cage in the same direction of rotation. 
The cage is subjected to high torque, as indicated by the rotating arrow. 
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The joint tends to jam, thus, returning the joint to smaller articulation 
angles is either complicated or impossible. 

[0058] In Figures 11 and 12 as in Figures 2, 3 and 4 the axis of 

articulation is normal to the plane of drawing in the joint center M. 

[0059] While the invention has been described in connection with 

several embodiments, it should be understood that the invention is not 
limited to those embodiments. Rather, the invention covers all alternatives, 
modifications, and equivalents as may be included in the spirit and scope of 
the appended claims. 



